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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of 
Yahya HAGHIRI-TEHRANI et al. 
Serial Number: Not yet assigned 
Filed: 03 December 1999 
For: IVIETHOD FOR PRODUCING A CIRCUIT UNIT 



Group Art Unit: unassigned 
Examiner: unassigned 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to calculation of tlie filing fees and examination on the merits, please 
amend this application as follows: 

IN THE DRAWINGS : 

Please amend Figures 2, 3, 7 and 9 as marked in red on copies of the drawings 
appended hereto. 

In Figure 2, the cross-section has been identified at Ill-Ill instead A-A. 

In Figure 3, elements are provided with reference numerals. 

In Figure 7, the material filling the through holes is properly identified as 1 3a and 
the through holes are properly identified as 13. 

In Figure 9, the material extending through the through hole is identified as 13. 

THE EXAMINER'S APPROVAL OF THE PROPOSED DRAWING 
AMENDMENTS IS RESPECTFULLY REQUESTED. 
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IN THE SPECIFICATION : 

Page 1, please change the title of the invention to -METHOD FOR 
PRODUCING A CIRCUIT UNIT--; 

Page 1, before the first line of text, insert the centered headings: 
"BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION-s 
before the first and second paragraphs, insert the centered heading: 
"RELATED TECHNOLOGY-. 
Page 2, between lines 9 and 10, insert the following: 

"From US 4,960893 (Inoue) a circuit unit in the form of an IC card is known. 
The IC card comprises an electronic module with a coil structure being formed on the 
semiconductor substrate ofthe electronic module. A coil may be formed of two or more 
coil structures which are deposited on different metallic layers having insulation layers 
between the metallic layers whereat the metallic layers are interconnected by means 
of a central conductive member which extends between the distinct metallic layers. 

However, the Inoue patent teaches forming the coil on the substrate ofthe IC 
chip. As the production of semiconductor devices is very expensive and the yield 
depends directly on the area of semiconductor covered by the IC chip, the teaching of 
Inoue has both the disadvantage of high cost and low yield as the area covered by the 
an IC comprising coil structure is enormous. The size of the IC chip has the further 
disadvantage of being susceptible to mechanical stress. The IC chip is embedded in 
the card body which is flexible therefore torsion or bend may destroy the IC card or the 
IC chip. 

From JP 6 336096 a chip card is known which is produced from two insulating 
substrates. Each of the substrates has a coil pattern. After connecting the two 
substrates by an insulating adhesive the two coil patterns form one coil. 
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However, as it is stated expressly not to use a through hole for contacting the two 
coil patterns and as the coil patterns are formed on different substrates, chip cards 
having coil layers and insulating layers which are applied alternately to a substrate are 
discouraged. 

From EP 0 547 563 B1 a printed circuit board antenna is known which has a 
plurality of different coil layers. However the European patent does not show the use 
of an IC chip. In particular this is a disadvantage because the two coil ends are on 
different sides of the circuit board. If an IC chip is to be mounted on one side of the 
circuit board an additional through hole is necessary to connect the IC to the second 
end of the coil. Additional connectors are also necessary to connect the different layers 
of the coil which is especially a disadvantage because an additional step is necessary 
to insert the connectors.-; 

line 15, delete this line entirely and substitute therefor the centered 

heading: 

-BRIEF SUMMARY OF THE INVENTION--. 
Page 2, last paragraph, line 3, change number "44 1 6 1 97.4" to -44 1 6 697.4-; 
Page 3, between the third and fourth paragraphs, insert the centered heading: 
"BRIEF DESCRIPTION OF THE DRAWINGS-; 
line 27, change "A-A" to -Ill-Ill-. 
Page 4, before the first line, insert the centered heading: 
-DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OFTHE INVENTION- 

line 7, before "ends" insert -free—; 
line 19, after "layer" insert -section-; 
line 20, after layer" insert -section-; 
line 21 , after "layer" insert -section-; 
line 27, after "layer" insert -section-; 
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line 29, after "layer" insert --section-; 
line 30, after "layer" insert -section--; 

line 31, before "end" insert -first-; after "layer" insert -section-; 
line 32, change "end" to -second end area-; after "layer" insert -section- 
Page 5, line 1, after "layer" insert -section-; 

line 3, after "layer" (both occurrences) insert -section-; 

line 4, after "layer" insert -section-; 

line 6, change "layers" to -layer sections-; 

line 8, change "layers" to -layer sections-; 

line 14, change "layers" to -layer sections-; 

line 16, change layers" to -layer sections-; 

line 1 7, after "that" insert -first-; after "layer" insert -section-; after "on" 
insert --(e.g. layer 9)-; 

line 19, after "layer" insert -section (e.g. layer 17)-; 

line 20, after "overprint" insert -first-; after "layer" insert -section-; 

line 22, after "printed" insert -first-; before "which" insert -of the coil layer 

sections—; 

line 24, before "end" insert -first-; after "layer" (each occurrence) insert 

-section-; 

line 26, after "fronn" insert -first-; 

line 28, change "layers" to -layer sections-; 

line 30, after "coil" insert -section-; 

line 32, after "layer" insert -section-; 

line 33, change "end" to -first ends-; change "layer" to -layers-. 
Page 6, line 1 , after "layer" insert -section-; 

line 2, after "internal" insert -or second-; 
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line 3, after "layer" (first occurrence) insert -section-; after "with" insert 
-second end of-; after "9" insert -(Figure 3)-; after "external" insert -first-; 

line 6, after "layer" insert -section-; after "free" insert -first-; 

line 8, after "layer" insert -section-; 

line 10, after "covering" insert -insulating—; 

line 14, after "with" insert -first-; after "coil" insert -formed by electrically 
connected sections 9 and 17-; 

line 22, change "A-A" to -Ill-Ill-; 
line 23, after "layer" insert -section-; 
line 25, after "layer" insert -section-; 

line 26, after "layer" insert -section-; after the sentence ending with the 
numeral "9", insert the following: 

-Layer 17 is located farther from the substrate 1 than layer 9. Second ends 15a 
and 1 9a of layers 9 and 1 7 overlap at the window 1 3 in insulating layer 1 1 . A portion 
1 la of layer 1 1 overlaps second end 15a of layer 9.- 

Page 7, line 1, change "Fig. 4 shows" to -Figs. 4A and 4B show-; 
line 2, after "coil" insert -first-; 

line 31, change "Fig. 5 shows" to -Figs. 5A and 5B show-. 
Page 8, line 27, after "layer" insert -section-; 

line 28, after "layer" insert -section-; 

line 31 , change "layers" to -layer sections-; 

line 32, change "compound" to -composite-; 

line 34, after "layer" (each occurrence) insert -section-; 

line 35, change "layers" to -layer sections-. 
Page 9, line 2, change "layers" to -layer sections-; 

line 5, change "layers" (each occurrence) to —layer sections—; 

line 8, change "layers" to -sections-; 

line 12, before "coil" insert -ends of-; change "layers" to -sections-; 
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line 14, change "Fig. 8 coil layers" to -Fig. 7 ends of coil sections--; 
line 17, before "coil" insert -the end of-; after "layer" insert -section- 
line 18, before "coil" insert -the end of-; after "layer" insert --section- 
line 19, change "layers" to -sections-; 
line 20, after "layer" insert -section-; 
line 22, change "layers" to -layer sections-; 
line 25, change "layers to -layer sections-; 

line 28, before "coil" insert -ends of—; change "layers" to —layer sections- 
line 30, change "layers" to -layer sections-; 
line 31, change Tig. 10" to -Figs. lOAand 10B-; 
line 32, before "coil" insert -ends of-; change "layers" to -layer sections- 
line 35, after "layer"insert -section-. 
Page 10, line 1, after "layer" insert -section—; 

line 2, after "layer" (each occurrence) insert -section-; 
line 4, after "layer" insert -section-; 
line 12, after "layer" insert -section-; 
line 14, after "layer" insert -section-; 
line 16, after "layer" insert -section-; 
line 20, change "layers" to -layer sections-; 
line 21 , change "layers" to -sections-. 

IN THE ABSTRACT : 

Change line 1 to read: -A circuit unit having a-. 
Line 4, change "layers" to —layer sections-. 
Line 5, change "layers" to —layer sections—. 
Line 7, before "coil" insert —first-. 
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IN THE CLAIMS : 



Please cancel claims 1 -1 1 and 23, without prejudice or disclaimer. 

Please amend claims 12-22 as shown on the appended APPENDIX OF CLAIMS. 



REMARKS 

Examination of the application as amended is respectfully requested. 



BACON & THOMAS, PLLC 

625 Slaters Lane, Fourth Floor 
Alexandria, Virginia 22314 

Telephone: (703) 683-0500 
Facsimile: (703)683-1080 

Date: December 9, 1999 



Respectfully submitted, 
BAetJisrSjvJHOMAS, PLLC 
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A circuit unit and a method for 
producing a circuit unit 



This invention relates to a circuit unit comprising at 
least an insulating substrate on which a conductive coil is 
located, and an integrated circuit whose connection points 
are electrically connected with the coil ends. The invention 
relates further to a method for producing such a circuit 
unit * 

Circuit units of the above type are known from the prior 
art, being designed for example as compact: electronic modules 
which are inserted in chip cards for noncontacting data ex- 
change with a terminal. For example US-PS 4,999,742 discloses 
a circuit unit in the form of an electronic module with an 
insulating substrate on which a ring-shaped wound coil is 
glued- The coil ends are guided into the receiving space 
arising through the ring-shaped coil, and electrically con- 
nected there with the connection points of an integrated cir- 
cuit. The receiving space for the integrated circuit and coil 
ends is cast with a casting compound for protecting these 
sensitive components from mechanical loads- 

The electronic module known from US-PS 4,999,742 has a 
compact structure but the coil must be wound in a separate 
method step and glued on the insulating substrate in a fur- 
ther method step. 

However, the as yet unpublished German patent applica- 
tion P 44 15 697.4 discloses a circuit unit in the form of a 
chip card having printed on one card layer of the multilayer 
card body a coil from a conductive lacquer whose ends are 
electrically connected with the connection points of an inte- 
grated circuit. 

The structure of the circuit unit known from patent ap- 
plication 44 16 697.4 has the advantage that the coil is 
printed directly on a card layer so that the method step of 
applying a separately manufactured coil to an insulating sub- 
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strata is omitted. For some applications of the circuit unit, 
however^ it is desirable for the coil to have a higher number 
of turns than can be realized with the structure explained 
above. Furthermore it may be desirable to provide the circuit 
unit with relief embossing. One must then make sure the 
printed turns of the coil, which are generally formed as a 
very thin layer, are not interrupted. Also, the production 
method for the circuit unit should be further optimized with 
regard to inexpensive mass production* 

It is therefore the problem of the invention to further 
improve the abovementioned circuit unit and at the same time 
in particular to extend its range of applications. It is fur- 
ther the problem of the invention to propose a method for 
producing such a circuit unit. 

This problem is solved by the independent claims. 

One advantage of the invention is to be seen in that a 
higher number of turns can be realized than on the structure 
known from German patent application 44 16 197,4. The coil 
can still be applied directly to the substrate of the circuit 
unit so that an additional method step for applying a sepa- 
rately manufactured coil is unnecessary. This is made possi- 
ble by the fact that coil layers and insulating layers are 
applied alternately to the insulating substrate, the individ- 
ual coil layers being electrically interconnected via plated- 
through holes so as to yield a coil. The coil layers and in- 
sulating layers are preferably printed on. Alternatively it 
is also possible for the insulating layers to consist of thin 
insulating foils on which the coil layers are printed on one 
or both sides. The through? 1 at ing through the insulating lay- 
ers can be done in the simplest case by providing windows or 
holes in the insulating layers through which the conductive 
material of the coil layers penetrates when the coil layers 
are printed on or the layers laminated together. Additional 
conductive material can likewise be applied for throughplat- 
ing, or additional conductive elements provided. 



A further advanrage of the invention is to be seen in 
that the circuit unit can be manufactured especially easily 
by the multiple-copy method, since one can apply the coil 
layers and also the insulating layers (depending on the em- 
bodiment) using printing technology, with which multiple-copy 
production is commonplace. 

Furthermore the invention has the advantage that the 
coil ends can be adapted especially easily to the various 
possibilities of forming the electric connection between the 
coil ends and the connection points of the integrated cir- 
cuit. 

Furthermore it is advantageous that the invention per- 
mits relief embossing of the circuit unit without restric- 
tion, with no danger of one or more turns of the coil being 
interrupted- For this purpose the turns of the coil are 
guided outside the relief embossing area of the circuit unit 
or between the individual relief embossing lines, whereby the 
width of the turns can be greater than the line spacing for 
compensating production tolerances, or the turns run in the 
area of the embossed characters but are wider than the char- 
acter size. 

Some embodiments and further advantages of the invention 
will be explained in connection with the following figures, 
in which: 

Fig. 1 shows a circuit unit in a plan view^ 
Fig. 2 shows a circuit unit in a perspective view, 
Fig, 3 shows a cross section along line A - A of Fig. 2, 
Figs. 4, 5 show embodiments for contacting a coil with 
an integrated circuit or module. 

Figs. 6 to 10 show embodiments for throughplating for 
forming an electric connection between opposite coil layers 
in cross section. 

Fig. 11 shows a circuit unit with marked relief emboss- 
ing fields in a plan view^ 

Figs. 12, 13 show embodiments for forming and arranging 
turns of a coil as an enlarged detail in a plan view. 
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Fig. 1 shows systematically a circuit unit in the form 
of a chip card for noncontacting data exchange in a plan 
view. The dimensions of such chip cards are identical with 
the dimensions of chip cards for contacting data exchange, 
which are fixed in ISO standard 7810. The circuit unit con- 
tains insulating substrate 1 in the form of a card layer on 
which coil 3 is located whose ends 15 and 19 are electrically 
connected with the connection points of integrated circuit 7. 
The integrated circuit can also be cast into a module which, 
for easier contacting of integrated circuit 7, has contact 
surfaces which are electrically connected with the connection 
points of integrated circuit 7. The turns of coil 3 run along 
the outer edge of the card layer, yielding a large-area coil 
in the interests of high energy input. 

Fig. 2 shows a perspective view not true to scale of an 
inventive circuit unit which is produced as described in the 
following. On insulating substrate 1, which exists e.g. in 
the form of a card layer (see Fig. 1) one first applies first 
coil layer 9, which is dash-lined in Fig. 2 and can contain a 
plurality of turns (coil layer 9 shown contains only one turn 
in order not to complicate the drawing) . Coil layer 9 is 
preferably printed on with a conductive lacquer, but it is 
also possible to spray on the coil layer using a correspond- 
ing mask, or to etch it out of a conductive coating located 
on the substrate. Other production techniques are conceiv- 
able. 

After applying coil layer 9 one applies to insulating 
substrate 1 insulating layer 11, which is hatched in Fig. 2 
and covers the turns of coil layer 9. Insulating layer 11 has 
window 13 and is applied to coil layer 9 in such a way that 
end 15 of coil layer 9 is not covered thereby and at least 
the end of the last turn of coil layer 9 is accessible 
through window 13. Insulating layer 11 is preferably likewise 
printed on, but it is also possible here to spray it on using 
a corresponding mask or to use as insulating layer 11 a thin 
insulating foil, etc. 
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In a further method step one applies further coil layer 
17 to insulating layer 11 using the same techniques as for 
applying coil layer 9. Further coil layer 17 is preferably 
also printed on. Coil layer 17 is electrically connected with 
coil layer 9 through window 13 in insulating layer 11^ yield- 
ing coil 3 consisting of coil layers 9 and 17, One can fa- 
cilitate the formation of an electric connection between coil 
layers 9 and 17 by making the coil ends which are electri- 
cally interconnected wider than the turns of the coil, as 
also shown in Fig. 2, It is easy to realize such widening by 
printing technology. Details on the connecting technique will 
be described below. 

One can optionally repeat the application of further in- 
sulating layers and coil layers in the explained manner once 
or several times until circuit unit coil 3 composed of the 
coil layers has the desired number of turns. One must thereby 
make sure thar end 15 of the coil layer first printed on is 
not covered, and that the circuit unit does not exceed a pre- 
determined height. When printing on the last coil layer one 
can overprint end 15 of the first printed coil layer with a 
conductive lacquer again. One then obtains two freshly 
printed coil ends 15 and 19 which can be electrically con- 
nected with the integrated circuit especially easily. 

End 19 of the last applied coil layer, i.e. coil layer 
17 in Fig. 2, is applied in such a way that it is especially 
easy to form an electric connection from coil ends 15 and 19 
to integrated circuit 7. In the embodiment of the invention 
shown in Fig. 2 the coil layers and insulating layers are ap- 
plied to insulating substrate 1 in a kind of frame. In the 
shown embodiment, coil ends 15 and 19 are guided into the in- 
terior of the frame onto insulating substrate 1. One avoids 
superimposition of turns in a coil layer by guiding the in- 
ternal end of the particular coil layer into the part en- 
closed by the frame, as shown in Fig. 2. 

By suitable choice of the coil ends which are electri- 
cally connected with the integrated circuit one can always 



avoid superimposition of turns in a coil layer. For example, 
if coil end 19 is to be outside the frame the internal end of 
coil layer 17 is connected with coil layer 9 and the external 
end of coil layer 17 guided outward. 

Alternatively it is also possible to apply an insulating 
layer with a window to the last coil layer, whose free end is 
connected with the integrated circuit. Through the window the 
free coil end can then be guided over the coil layer in any 
direction, since no short-circuit can occur between the turns 
of the coil because of the covering layer. 

According to the embodiment of Fig. 2 one applies inte- 
grated circuit 7 to the noncovered part of insulating s;ib- 
strate 1, electrically connecting the connection points of 
the circuit with ends 15 and 19 of the resulting coil e.g* by 
means of bonding wires 21. One can simplify the formation of 
the electric connections from integrated circuit 7 to coil 
ends 15 and 19 by making the coil ends wider than the indi- 
vidual turns of the coil. For this purpose one need only ac- 
cordingly adapt the artwork or, if the coil layers sprayed 
on, the masks used. Mo separate method steps are thus neces- 
sary for producing widened coil ends. 

Fig. 3 shows a cross section along line A - A of Fig. 2 
to illustrate the sequence of layers. Coil layer 9 is applied 
to insulating substrate 1, being covered by insulating layer 
11 containing window 13 through which further coil layer 17 
is electrically connected with coil layer 9. Further insulat- 
ing layers and coil layers can follow alternately. 

In a variant the connection between integrated circuit 7 
and coil ends 15 and 19 is not formed via bonding wires but 
by directly mounting integrated circuit 7 on coil ends 15 and 
19. For this purpose integrated circuit 7, or module 23 con- 
taining integrated circuit 7, can either be mounted on coil 
ends 15 and 19 already applied, or circuit 7 or module 23 is 
first inserted in substrate 1 and then overprinted with coil 
ends 15 and 19. 



Fig. 4 shows cross sections of two embodiments of the 
inventive circuit unit wherein coil ends 15 and 19 were first 
printed on substrate 1, and module 23 or integrated circuit 7 
then mounted on coil ends 15 and 19. Module 23 or integrated 
circuit 7 can be mounted either directly after the printing 
operation or only after a short period of time in which the 
printed conductive lacquer dries at least partly. 

Fig. 4a shows substrate 1 with printed coil ends 15 and 
19 and module 23. Module 23 contains integrated circuit 7 
which is coated by casting compound 8 and whose connection 
points 27 are electrically connected with contacts 25 of mod- 
ule 23 via bonding wires. Module 23 is mounted on coil ends 
15 and 19 in such a way that contacts 2 5 of module 23 touch 
coil ends 15, 19. The arrangement shown in Fig. 4a can be 
covered by a cover foil not shown in the figures, which op- 
tionally contains a gap for module 23. In the embodiment 
shown in Fig. 4a, module 23 is mounted on coil ends 15 and 19 
in such a way that casting compound 8 points away from coil 
ends 15 and 19. However it is also possible to mount the mod- 
ule turned by 180°. In this case one should provide a corre- 
sponding gap in substrate 1 for partly receiving casting com- 
pound 8. This variant is used in particular when a low over- 
all height of the circuit unit is to be achieved. 

Fig. 4b again shows substrate 1 with printed coil ends 
15 and 19. Integrated circuit 7 is mounted on coil ends 15 
and 19 in such a way that connection points 27 of integrated 
circuit 7 touch coil ends 15, 19. As in the embodiment of 
Fig. 4a, the structure shown in Fig. 4b can also be protected 
by a cover foil not shown, which can optionally contain a gap 
for integrated circuit 7 . 

Fig. 5 shows cross sections of two embodiments of the 
inventive circuit unit whereby module 23 or integrated cir- 
cuit 7 is overprinted for contacting with coil ends 15 and 
19. 

In Fig. 5a module 23 is fit into substrate 1 in such a 
way that the surface of module 23 is flush with the surface 
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of substrate 1. Coil ends 15 and 19 printed on after inser- 
tion of module 23 in substrate 1 extend over the surface of 
module 23 so far that they partly cover contacts 25 of raodule 
23 so as to form an electric connection between contacts 25 
and coil ends 15 and 19, 

In Fig. 5b integrated circuit 1 , instead of module 23, 
is inserted into substrate 1 in such a way that the surface 
of integrated circuit 7 is flush with the surface of sub- 
strate 1 and connection points 27 of integrated circuit 7 
point upward. Coil ends 15 and 19 are printed on substrate 1 
in such a way that they extend over connection points 27 of 
integrated circuit 7. This forms an electric connection be- 
tween connection points 27 and each coil end 15 and 19. For 
embedding integrated circuit 7 in substrate 1 one can either 
provide a corresponding gap, or press the chip into substrate 
1 using heat and pressure. 

Some variants for throughplating will now be described 
with which one can form electric connections between two coil 
layers or between a coil layer and connection point 27 of in- 
tegrated circuit 7 or contact 25 of module 23 through insu- 
lating layer 11, for example a thin insulating foil. 

Fig. 6 shows an embodiment of the inventive circuit unit 
in cross section, in which the throughplating takes place 
when the individual layers of the circuit unit are laiainated 
together. One can see the sequence of layers of the circuit 
unit before the laminating process. 

According to Fig. 6 substrate la with coil layer 17 and 
substrate lb with coil layer 9 are separated from each other 
by insulating foil 11. Window 13 is provided in foil 11 by 
punching, piercing or by laser beam at a place where coil 
layers 9 and 17 are opposite each other. Lamination produces 
a compound from individual layers la, lb and 11. Simultane- 
ously the laminating process forms an electric connection be- 
tween coil layer 9 and coil layer 17 through window 13. This 
can be supported by applying to at least one of coil layers 9 
and 17 opposite window 13 a small portion of conductive adhe- 
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sive 29 which flows into window 13 during lamination, thereby 
forming an elecrric connection between coil layers 9 and 17. 

Fig. 7 shows an embodiment of the inventive circuit unit 
in cross section, in which insulating foil 11 is printed with 
coil layers 9, 17 one on each side, with layers 9 and 17 
partly overlapping. In the overlap area insulating foil 11 
has one or more windows 13 which are produced for example by 
punching, piercing or by laser beam. When coil layers 9 and 
17 are printed on insulating foil 11 by the screen printing 
method, windows 13 are filled with the printing material, for 
example a conductive lacquer, thereby forming electric con- 
nections between coil layers 9 and 17. 

Fig. 8 shows a further embodiment for throughplating. As 
in Fig. 8 coil layers 9 and 17 are applied to the opposite 
sides of insulating foil 11 so that they partly overlap. In 
the overlap area at least one thin wire 31 is slipped in to 
penetrate coil layer 17, insulating foil 11 and at least 
partly also coil layer 9, thereby forming an electric connec- 
tion between coil layers 9 and 17. Wire 31 can also be fed 
completely through coil layer 9 and bent at its end by a 
suitable apparatus. To facilitate the feedthrough of wire 31 
one can heat it in one variant of the embodiment. 

Fig. 9 shows an embodiment: in which coil layers 9 and 17 
are first applied to the opposite sides of insulating foil 
11. At least one window 13 is then provided in coil layers 9 
and 17 and intermediate insulating foil 11, for example by 
punching, piercing or by laser beam, in the area where oppo- 
site coil layers 9 and 17 overlap. Window 13 is finally 
filled with conductive adhesive 33 and an electric connection 
thus formed between coil layers 9 and 17. 

Fig. 10 shows an embodiment in which an electric connec- 
tion can be formed between coil layers 9 and 17 by means of 
connecting element 35. 

Fig. 10a shows the sequence of layers of the circuit 
unit before the laminating process. Coil layer 9 is applied 
to substrate 1. Above substrate 1 there is insulating foil 11 
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which carries coil layer 17 and has window 13 in an area op- 
posite coil layer 9 and adjacent coil layer 17. Connecting 
element 35 is disposed on auxiliary carrier foil 37 above 
window 13 and overlapping with coil layer 17. Connecting ele- 
ment 35 can consist for example of a thermally activable con- 
ductive adhesive. 

Fig. 10b shows the layer structure from Fig. 10a after 
lamination. The layers shown in Fig. 10a can be joined into a 
compound under pressure and heat by means of a conventional 
laminating press. The laminating press die pressing against 
the top of the structure is formed so that connecting element 
35 is pressed through window 13 against coil layer 9 and con- 
nects therewith during the laminating process. The other end 
of connecting element 35 is pressed against coil layer 17 and 
connects therewith. This forms an electric connection between 
coil layers 9 and 17. Auxiliary carrier foil 37 comes off 
connecting element 35 during lamination and is then removed. 

In a variant of the invention one can omit window or 
windows 13 in insulating layer 11. In this variant there is 
no electric connection between the individual coil layers. 
The coil layers are instead coupled capacitively . Capacitive 
coupling can also be used for coupling integrated circuit 7 
with coil 3 so that an elecrric connection can likewise be 
omitted here. 

A further aspect of the invention is that it eliminates 
restrictions that existed up to now with respect to relief- 
embossing a circuit unit containing coil 3. This can be done 
by various measures each applicable with both single-layer 
and multilayer coils 3. 

Fig. 11 shows a circuit unit in a plan view, with dotted 
lines delimiting areas 37 and 38 within which relief emboss- 
ing is admissible in chip cards according to ISO standard 
7811- Relief embossing can be used for example to bring out 
letters and numbers or other characters. The embossed charac- 
ters can be printed on a paper voucher with a suitable appa- 
ratus if required. However, embossing can damage coil 3. 
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Lower area 37 is especially problematic in terms of possible 
damage to turns of the coil, since coil 3 is generally re- 
quired to have a large area and the turns therefore run close 
to the edge of the circuit unit. 

Fig. 12 shows an enlarged detail of the circuit unit 
shown in Fig. 11 in a plan view. To prevent interruption of 
the turns of coil 3, turn 39 is disposed between relief em- 
bossing field 37 and the edge of substrate 1 in the embodi- 
ment according to Fig. 3. If there is enough room, several 
turns or even all turns of coil 3 can also run here. Since no 
embossing occurs in this area there is no danger of the turns 
of coil 3 being interrupted by the embossing process. With a 
multilayer coil the room becomes scarce at higher numbers of 
turns than with a single-layer coil, since not all turns have 
to be disposed side by side. 

Turns 41 running in the area of relief embossing field 
37 are so greatly widened that they are wider than the size 
of the characters embossed there. This ensures that turns 41 
are not interrupted by the embossing process, even if the em- 
bossed characters would each sever a cross section of turns 
41 corresponding to the character size. If there is not 
enough room for one or more turns 39 outside relief embossing 
field 37, all turns 41 can be guided through relief embossing 
field 37. 

Fig. 13 likewise shows an enlarged detail of the circuit 
unit shown in Fig. 11 in a plan view. According to the em- 
bodiment shown in Fig. 13 the turns of coil 3 are guided ei- 
ther between relief embossing field 37 and the edge of the 
circuit unit (turn 39) , or following the relief embossing 
lines or between the individual relief embossing lines (turns 
43) . Turns 43 running between the relief embossing lines or 
directly following the relief embossing lines are somewhat 
widened to compensate production tolerances . This ensures 
that at least a partial area of turns 43 runs on a surface 
which is not embossed so that there is no danger of turns 43 
being interrupted. In the embodiment: shown in Fig. 13 it also 
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depends on the exact dimension of the turns whether no turn 
at all, or at least one turn 39, can be guided past the re- 
lief eiabossing field, i.e. whether there is enough room for 
one or even for several turns 39 between relief embossing 
field 37 and the edge of the substrate. The turn variants 
shown in Figs. 12 and 13 can also be combined. 

Besides the already outlined measures, others are also 
conceivable for preventing interruption of the turns of coil 
3 by embossing. For example the properties of the coating ma- 
terial used for producing the turns can be adapted as greatly 
as possible to substrate 1 to which they are applied, so that 
the coating material does not crack and thus interrupt the 
turns during embossing. It is likewise conceivable to use as 
a coating material conductive plastics which are so elastic 
that they do not crack during embossing. 

In the embodiments in which one or more turns 39 are 
guided between relief embossing field 37 and the edge of the 
circuit unit, the resistance of coil 3 might possibly assume 
inadmissibly high values since turns 39 must be very narrow 
due to the little room available. This problem can be coun- 
teracted by applying turns 39 in greater layer thicknesses, 
which can be done for example by multiple printing. It is 
likewise possible to reduce the resistance by widening turns 
39 in the areas where enough room is available. 

The circuit unit can be produced either in single piece 
production or via sheets or webs which are divided into indi- 
vidual circuit units at the end of production. 

The described measures for improving the circuit unit, 
for example providing a multilayer coil structure whereby 
different throughplating variants are possible, permitting 
relief embossing of the circuit unit by suitably selecting 
the coil layer dimensions and pattern, optionally also mate- 
rial, and directly contacting the integrated circuit or mod- 
ule with the coil, can be used either singly or in combina- 
tion. 
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Claims 

1. A circuit unit comprising at least an insulating car- 
rier substrate (1) on which a conductive/ flat coil (3) is 
located^ and an integrated circuit (7) whose connection 
points (27) are electrically connected with the coil ends 
(15, 19) directly or via contacts (25) or coupled capacitive- 
ly therewith^ characterized in that coil layers (9, 17) and 
insulating layers (11) are applied alternately to the insu- 
lating siibstrate (1), each insulating layer having at least 
one opening (13) through which the adjacent coil layers (9, 
17) are electrically interconnected, or the adjacent coil 
layers (9, 17) being coupled capacitively, so that the indi- 
vidual coil layers (9^ 17) yield a coil (3) . 

2. The circuit unit of claim 1, characterized in that 
the at leasr one opening (13) in the insulating layer (11) 
leads to one end of the coil layer (9) covered by the insu- 
lating layer (11), and this end of the coil layer (9) is 
electrically connected with one end of the coil layer (17) 
located on the insulating layer (11) through the at least one 
opening (13) in the insulating layer (11) . 

3. A circuit unit comprising at least an insulating car- 
rier substrate (1) on which a conductive, flat coil (3) is 
located/ and an integrated circuit (7) whose connBctloix 
points (27) are electrically connected with the coil ends 

(15, 19) directly or via contacts (25) , characterized in that 
the circuit unit has at least one relief embossing field (37) 
in the area of which characters are embossable on the circuit 
unit/ and the dimensions and/or the arrangement of turns of 
the coil on the substrate (1) are selected so that the coil 

(3) is not completely severed during embossing of the charac- 
ters • 

4. The circuit unit of claim 3, characterized in that at 
least one turn (39) of the coil runs between the relief em- 
bossing field (37) and the edge of the substrate (1) • 
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5. The circuit unit of any of claims 3 to 4^ character- 
ized in that the turns (41) of the coil are wider in the area 
of the relief embossing field (37) than the size of the em- 
bossed characters. 

6. The circuit unit of any of claims 3 to 5, character- 
ized in that the turns (43) of the coil run between succes- 
sive lines of the relief embossing field (37) . 

7. The circuit unit of claim 6, characterized in that 
the turns (43) of the coil are wider in the area of the re- 
lief embossing field (37) than the distance between succes- 
sive lines. 

8. The circuit unit of claim 3^ characterized in that 
the material properties of the coil (3) are adapted to the 
substrate (1) at least in the area of the relief embossing 
field (37) in such a way that no cracks inadmissibly impair- 
ing the function of the coil (3) arise in the coil material 
during embossing of the characters, 

9. The circuit unit of claim 8, characterized in that 
the coil (3) consists of conductive plastic, 

10. The circuit unit of any of claims 1 to 9, character- 
ized in that the coil (3) is printed on the insulating sub- 
strate (1) or on the insulating layers (11) • 

11. A chip card, characterized in that it has the cir- 
cuit unit of any of claims 1 to 10, 

12. A method for producing a circuit unit comprising an 
insulating carrier substrate (1) on which a conductive coil 
(3) is located, and an integrated circuit (7) whose connec- 
tion points (27) are electrically connected with the coil 
ends (15, 19) directly or via contacts (25), characterized by 
the following method steps: 

a) applying a coil layer (9) with at least one turn to 
the substrate (1) , 

b) covering at least the area of the applied coil layer 
(9) with an insulating layer (11) containing at least one 
opening (13) through which at least one of the covered turns 
of the coil layer (9) is accessible, 
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c) applying to the insulating layer (11) a further coil 
layer (17) with at least one turn which is electrically con- 
nected with the previously covered coil layer (9) through the 
at least one opening (13), 

d) optionally repeating method steps b) and c) once or 
several times, 

e) electrically connecting the connection points (27) of 
the integrated circuit (7), or the contacts (25) of a module 
(23) containing the integrated circuit (7), with one end (15) 
of the coil layer (9) located directly on the insulating sub- 
strate (1), on the one hand, and with one end (19) of the 
last applied coil layer (17), on the other hand. 

13. The method of claim 12, characterized in that the 
electric connection between the coil layers (9, 17) takes 
place through the at least one opening (13) in the insulating 
layer (11) by laminating the insulating layer (11) or insu- 
lating layers (11) and the insulating substrate (1) . 

14. The method of claim 13, characterized in that con- 
ductive material (29) is additionally disposed in the area of 
the at least one opening (13) before lamination. 

15. The method of claim 12, characterized in that the at 
least one opening (13) in the insulating layer (11) is pro- 
duced before application of at least one of the coil layers 
(9, 17) separated by the insulating layer (11), and the at 
least one opening (13) is filled with the coil material dur- 
ing application of at least one of the coil layers (9, 17) . 

16. The method of claim 12, characterized in that the at 
least one opening (13) is filled with conductive material 
(33) after application of the coil layers (9, 17) so as to 
form an electric connection between the coil layers (9, 17) . 

17. The method of claim 12, characterized in that a con- 
ductive element (35) is transferred to the coil layers {9, 
17) in such a way that the conductive element (35) forms an 
electric connection between the coil layers (9, 17) through 
the at least one opening (13) . 
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IS, The merhod of claim 12, characterized in that the at 
least one opening (13) is produced by means of at least one 
wire (31) piercing the insulating layer (11) and at least 
partly the coil layers (9, 17) separated by the insulating 
layer (11)^ the wire (31) remaining in the insulating layer 
(11) and at least partly in the coil layers (9, 17) so as to 
form an electric connection between the coil layers (9, 17) . 

19. A method for producing a circuit unit comprising an 
insulating substrate (1) on which a conductive, flat coil (3) 
is located, and an integrated circuit (7) whose connection 
points (27) are electrically connected with the coil ends 
(15, 19) directly or via contacts (25), characterized by the 
steps of: 

applying the coil (3) to the substrate (1) in such a way 
that the distance between the coil ends (15, 19) can be 
bridged by the connection points (27) of the integrated cir- 
cuit (7) or by the contacts (25) of a module (23) containing 
the integrated circuit (7), and 

mounting the integrated circuit (7) or the module (23) 
on the coil ends (15, 19) in such a way that the connection 
points (27) of the integrated circuit (7) and the coil ends 
(15, 19) or the contacts (25) of the module (23) and the coil 
ends (15, 19) touch, and 

forming an electric contact between the connection 
points (27) and the coil ends (15, 19) or the contacts (25) 
and the coil ends (15, 19) solely through this touching* 

20. The method of claim 19, characterized in that the 
coil (3) is printed on the substrate (1), and the integrated 
circuit (7) or the module (23) is mounted before the printing 
material completely dries. 

21. A method for producing a circuit unit comprising an 
insulating carrier substrate (1) on which a conducrive, flat 
coil (3) is located, and an integrated circuit (7) whose con- 
nection points (27) are electrically connected with the coil 
ends (15, 19) directly or via contacts (25), characterized by 
the steps of: 
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incorporating the integrated circuit (7) or a module 
(23) containing the integrated circuit (7) in the siibstrate 
(1) in such a way that the connection points (27) of the in- 
tegrated circuit (3) or the contacts (25) of the module are 
flush with the surface of the STibstrate (1), 

then applying the coil (3) to the substrate (1) in such 
a way that the coil ends (15, 19) at least partly cover the 
connection points (27) or the contacts (25), and 

forming an electric contact between the connection 
points (27) and the coil ends (15, 19) or the contacts (25) 
and the coil ends (15, 19) solely through this direct touch- 
ing. 

22. The method of claim 21, characterized in that the 
coil (3) is printed on. 

23. A chip card, characterized in that it has a circuit 
unit produced according to any of claims 12 to 22. 
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Abstract 



The invention relates to a circuit unit comprising an 
insulating substrate (1) on which a conductive^ flat coil (3) 
is located. The coil (3) can consist of a plurality of coil 
layers (9, 17) separated by insulating layers (11) • To inter- 
connect the individual coil layers (9^ 17) into a coil, at 
least one opening (13) is provided in each of the insulating 
layers (11) . The connection between the coil ends (15, 19) of 
the coil (3) and an integrated circuit (7) or a module (23) 
containing the integrated circuit (7) can be formed solely by 
the coil ends (15, 19) and the connection points (27) of the 
integrated circuit (7) or the contacts (25) of the module 
(23) touching. The individual turns of the coil (3) can be 
disposed and dimensioned so as to permit embossing of the 
circuit unit without restriction within an area (37, 38) con- 
forming with the standard. 



Divisional Application of 
Yahya HAGHIRI-TEHRANI etal. 



APPENDIX OF CLAIMS 

12(Amendecl Once). A method for producing a circuit unit comprising an 
insulating carrier substrate (1) on which a conductive coil (3) is located, and an 
integrated circuit (7) whose connection points (27) are electrically connected with the 
coil ends (15, 19) directly or via contacts (2S), [characterized by] comprising the 
following [method] steps: 

a) applying a coil [layer] section (9) with at least one turn to the substrate 

(1). 

b) covering at least the area of the applied coil [layer] section with an 
insulating layer (1 1 ) containing at least one opening (1 3) through which at least one of 
the covered turns of the coil [layer] section (9) is accessible, 

c) applying to the insulating layer (1 1 ) a further coil [layer] section (1 7) with 
at least one turn which is electrically connected with the previously covered coil [layer] 
section (9) through the at least one opening (13), 

[d) optionally repeating method steps b) and c) once or several times,] 
e) electrically connecting the connection points (27) of the integrated 
circuit (7), or the contacts (25) of a module (23) containing the integrated circuit (7), with 
one end (1 5) of the coil [layer] section (9) located directly on the insulating substrate (1 ), 
on the one hand, and with one end (19) of the last applied coil [layer] section (17), on 
the other hand. 

13(Amended Once). The method of claim 12, [characterized in that] wherein the 
electric connection between the coil [layers] sections (9, 1 7) [takes place] is carried out 
through the at least one opening (13) in the insulating layer (11) by laminating the 
insulating layer (11) or insulating layers (11) and the insulating substrate (1). 

14(Amended Once). The method of claim 13, including disposing the 
[characterized in that] conductive material (29) [is additionally disposed] in the area of 
the at least one opening (13) before lamination. 
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15(Amended Once). The method of claim 12. including producing rcharacterized 
in that] the at least one opening (13) in the insulating layer (11) [is produced] before 
application of at least one of the coil [layers] sections (9, 17) separated by the insulating 
[layer] section (11), and filling the at least one opening (13) [is filled] with the coil 
material during application of at least one of the coil layers (9, 17). 

16(Amended Once). The method of claim 12, including filling [characterized in 
that] the at least one opening (13) [is filled] with conductive material (33) after 
application of the coil [layers] sections (9, 17) so as to form an electric connection 
between the coil [layers] sections (9, 17). 

17(Amended Once). The method of claim 12, including transferring 
[characterized in that] a conductive element (35) [is transferred] to the coil [layers] 
sections (9, 17) in such a way that the conductive element (35) forms an electric 
connection between the coil [layers] sections (9, 17) through the at least one opening 
(13). 

1 8(Amended Once). The method of claim 12, including producing [characterized 
in that] the at least one opening (13) [is produced] by means of at least one wire (31) 
piercing the insulating layer (11) and at least partly the coil [layers] sections (9, 17) 
separated by the insulating layer (11), the wire (31) remaining in the insulating layer 
(11) and at least partly in the coil [layers] sections (9, 17) so as to form an electric 
connection between the coil [layers] sections (9, 17). 

19(Amended Once). A method for producing a circuit unit comprising an 
insulating substrate (1 ) on which a conductive, flat coil (3) is located, and an integrated 
circuit (7) whose connection points (27) are electrically connected with the coil ends 
(15,19) directly or via contacts (25), [characterized by] comprising the steps of: 

applying the coil (3) to the substrate (1 ) in such a way that the distance between 
the coil ends (15, 19) can be bridged by the connection points (27) of the integrated 
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circuit (7) or by the contacts (25) of a module (23) containing the integrated circuit (7), 
and 

mounting the integrated circuit (7) or the module (23) on the coil ends (15, 19) 
in such a way that the connection points (27) of the integrated circuit (7) and the coil 
ends (1 5, 1 9) or the contacts (25) of the module (23) and the coil ends (1 5, 1 9) touch, 
and 

forming an electric contact between the connection points (27) and the coil ends 
(15. 19) or the contacts (25) and the coil ends (15, 19) solely through this touching. 

20(Amended Once). The method of claim 19, including printina [characterized 
in that] the coil (3) [is printed] on the substrate (1 ), and mounting the integrated circuit 
(7) or the module (23) [is mounted] before the [printing material] printed coil completely 
dries. 

21 (Amended Once). A method for producing a circuit unit comprising an 
insulating carrier substrate (1) on which a conductive, flat coil (3) is located, and an 
integrated circuit (7) whose connection points (27) are electrically connected with the 
coil ends (1 5, 1 9) directly or via contacts (25), [characterized by] comprising the steps 
of: 

incorporating the integrated circuit (7) or a module (23) containing the integrated 
circuit (7) in the substrate (1) in such a way that the connection points (27) of the 
integrated circuit (3) or the contacts (25) of the module are flush with the surface of the 
substrate (1), 

then applying the coil (3) to the substrate (1 ) in such a way that the coil ends (1 5, 
19) at least partly cover the connection points (27) or the contacts (25), and 

forming an electric contact between the connection points (27) and the coil ends 
(15, 19) or the contacts (25) and the coil ends (15, 19) solely through this direct 
touching. 

22(Amended Once). The method of claim 21 , [characterized in that the coil (3) 
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is printed on] wherein the step of applying the coil to the substrate is carried out by 
printing the coil on the substrate . 
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